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01 Summary 

An ambient air monitoring survey was 
undertaken by the Monitoring and Instrumentation 
Development Unit of the Air Resources Branch in the 
Welland area during the last two weeks of May, 19 78. 
The main purpose of this survey was to monitor gaseous 
vinyl chloride monomer (VCM) in the vicinity of the 
B.F. Goodrich Chemicals of Canada Ltd. polyvinyl chloride 
plant located approximately 10 km northeast of Welland. 
The secondary purpose of this survey was to monitor 
total suspended particulate (TSP) matter in the vicinity 
of Union Carbide and Stelco companies located just to 
the south of Welland. 

Very little precipitation was associated with the 
two frontal systems which moved through this locale 
during the 6 monitoring days of this survey. Ambient 
air monitoring was carried out under clear weather con- 
ditions and predominantly light northerly winds. 

From the 249 instantaneous acquired VCM samples, 
the overall average ground level concentration (glc) was 
0.045 ppm with associated standard deviation 0.097 ppm. 
As noted by the relatively large standard deviation, con- 
siderable variation in VCM glc was detected in this area; 
less than 0.001 ppm {minimum detectable concentration) to 
0.67 ppm. Approximately 65% of these VCM samples 
depicted glc less than 0.001 ppm, whereas approximately 
6% depicted glc in excess of 0.200 ppm. Significant VCM 
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glc were only found within 1 km of the suspected source - 
B.F. Goodrich. 

On May 24th, between 11:53 and 12:26, four 
significant VCM glc ' s were detected. It was shown from 
this data that the universal sample mean was between 0.21 
ppin VCM and 0.49 ppm VCM {i.e., in excess of the Guideline) 
at the 9 8% confidence level. 

Through wind analyses and relevant source 
descriptions in this locale, the B.F. Goodrich plant was 
ascertained as being the only possible source of VCM. 

Low concentrations of total hydrocarbons (THC) 
were detected throughout this survey in the vicinity of 
B.F. Goodrich. The overall average THC glc was 2.31 ppm 
with associated standard deviation 0.83 ppm. 

Similarly, low concentrations of ozone (CO 
were detected in the vicinity of B.F. Goodrich. The 
overall average 0., glc was 0.033 ppm with associated 
standard deviation 0.025 ppm. 



The hi-volume sampler site was located at 
3 37 Alberta Street, downwind of the Stelco and Union 
Carbide complexes, Welland. However during this survey 
and as noted by the West Central Region, Union Carbide 
was inoperative due to a labour strike. 

High TSP mass loadings were recorded during 
this survey. Six of the seven exposed glass fibre filters 
depicted ambient air concentrations of TSP in excess of 
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3 
the 24 hour Criterion; 12 ug/m . The overall average TSP 

concentration was 16 5 ug/m with associated standard devia- 

3 
tion 29 ug/m . The relatively low standard deviation (18%) 

denoted consistent high TSP concentrations in this area. 

Significant ambient air concentrations of silica 

(Si) and alumina (Al) were also detected at 337 Alberta 

Street. From the 8 exposed Delbag-Microsorban polystyrene 

fibre filters, the overall average concentrations of Si and 

3 
Al were 12.6 ug/m {8% of the average TSP concentration) and 

3 
0.76 ug/m (0.5% of the average TSP concentration) respec- 
tively. The maximum 24-hour average concentrations of Si 

3 3 

and Al were 42 ug/m and 1.32 ug/m respectively. 

Additional analyses were performed on the 7 ex- 
posed glass fibre filters in order to ascertain polycyclic aromatic 
hydrocarbon (PAH) ambient air concentrations in this area. 
Low, background levels of PAH were detected. This PAH group 
included the following hydrocarbons: f luoranthene , perylene, 
benzo (k) f luoranthene (BkF) , benzo (a) pyrene (BaP) and benzo 
(ghi) perylene (B(ghi)P). 
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02 Introduction 

The Monitoring Instrumentation and Development 
Unit of the Air Resources Branch conducted an ambient air 
pollution survey in the Niagara Peninsula, near the city 
of Welland, during the period of May 15 to May 25, 1978. 
This survey was conducted as per the request of the West- 
Central Region to investigate the hydrocarbon and vinyl 
chloride monomer (VCM) ambient air concentration, in the 
vicinity of the B.F. Goodrich Chemicals of Canada Lt. poly- 
vinyl chloride (PVC) plant and to establish total suspended 
particulate (TSP) mass concentrations in the vicinity of 
Union Carbide and Stelco companies. 
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03 Source Description 

The B.F. Goodrich PVC plant is located on the North- 
East corner of the Hwy #6 3 and Hwy #7 junction, approximately 
10 km NE of Welland. The area of land directly east and north of 
the G.F. Goodrich property is occupied by the Cyanamid Co. Ltd. 
Lying south and west of the B.F. Goodrich PVC plant is mainly 
farmland. No unusual geological features exist in the surrounding 
area that would affect the wind dynamics, as the area is level and 
open. Since emissions from the B.F. Goodrich PVC plant originate 
from various locations (process equipment) within the plant, 
all monitoring sites were referenced to the 40 metre water 
tower on the west side of the plant property (Reference to 
Map #1 - UTM - military coordinates; 06487 - 47696) . 

The B.F. Goodrich plant produces PVC and its 
resins by the polymerization of the VCM. The major VCM 
losses to the atmosphere are from reactor opening losses, 
emergency venting, dryer exhausts, blowdown tanks, building 
air change fans, blend tanks, silo fluidization, and recovery 
system venting. Detailed information regarding production of 
PVC and the impact of VCM in the environment can be obtained 
from the Ministry report "Vinyl Chloride as an Airborne Hazar- 
dous Contaminant 1", Oct., 1974, (ARB-TDA-01-74) . 

It should be noted that the B.F. Goodrich PVC 
plant is the only source of VCM and of chlorinated hydro- 
carbons in this area. 
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Both Stelco and Union Carbide mills are lo- 
cated in the major industrial complex, in the south section 
of Welland. Stelco fabricates "mannenesman" steel pipes 
whereas Union Carbide manufactures a variety of carbon and 
graphite products. Refer to Map #2, page 8. 
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04 Survey Technique 

One mobile air monitoring (MAM) unit, a 1975 
GMC Transmode, was utilized to monitor the emissions from 
the B.F. Goodrich PVC plant. The MAM unit had permanently 
installed analyzers for monitoring sulfur dioxide (SO,,) , 
carbon monoxide (CO) , ozone |0_) , hydrogen sulfide (H 2 S) , 
total hydrocarbons (THC) , methane (CH.), and oxides of 
nitrogen (NO ) . A gas chromatograph calibrated for the 
detection of VCM was utilized as well. Instruments to col- 
lect meteorological data (wind speed, wind direction, baro- 
metric pressure, temperature, relative humidity and solar 
radiation) were also incorporated into the system. 

The unit is equipped with automated data acqui- 
sition system (Hewlett Packard 983 0A mini-computer system) 
and on board electric generators (twin Onan 6 KW) . Automated, 
independent and continuous monitoring capabilities were a 
major feature of this unit. The HP 9830A mini-computer 
system performed initial data analyses in the field (re: 
accuracy and validity) but the final data reduction and 
analyses was carried out by a larger system located within 
the Air Resources Branch at 880 Bay Street, Toronto. 

Following an assessment of wind direction and 
wind speed, the approximate locations of maximum ground 
level concentration (glc) impingement zones were found and 
ambient air monitoring was initiated within these areas. 
Air quality was continuously monitored for at least one 
hour at each location. 
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05 Monitoring Technique 

(i) Sample Collection 

The ambient air samples were taken at a constant 

3 
flow rate (approximately 0.2 m /min) by a probe 

located on the van and whose orifice was located 
approximately 5 m above ground level. Air samples 
entered a manifold from which a short teflon sam- 
pling line was connected to each analytical in- 
strument. This arrangement ensured little or no 
sample degradation, minimal response time, 
and minimal sample contamination due to ground 
level sources (e.g., entrained soil, vehicular 
traffic, etc. ) . 

(ii) Instrumentation - analyzers 

The instrumentation associated with the G.M.C. 
Transmode unit is presented in Table #1 on page 13. 

(iii) Instrumentation - G.C. 

The analysis of VCM in ambient air was performed 
by a Hewlett-Packard Gas Chromatograph (HP 5830A) 
and microprocessing unit (HP 18850A G.C. terminal) 
Operating parameters were monitored automatically 
by the microprocessing unit once the programme 
was entered. 

With respect to the G.C, the column consisted of 
6 ft. of SS- tubing, 1/8" O.D., packed with Phenyl- 
isocyanate/Porasil C, 80-100 mesh, operating at a 
temperature of 0°C. Nitrogen flowing at 30 ml/min 
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was used as the carrier gas. A sampling loop 
of 5 ml volume was used for sample collection. 
The G.C. used a flame ionization detector (F.I.D.) 
to monitor VCM. No known interferences were ob- 
served under these conditions, thus quantitative 
analysis could be performed. Laboratory testing 
indicated that an accuracy of better than ± 10% 
could be achieved. 

The G.C. was calibrated twice daily with 0.5 
ppm VCM standard in ultra zero air. These stan- 
dards were contained in refrigerated multi-layer 
aluminized polyester (Mylar) bags. 

(iv) Vinyl Chloride Monomer Sample Collection Methods : 
Two methods were employed to collect ambient 
air VCM samples for G.C. analysis. One method, 
involved taking a 5 ml instantaneous sample from 
the MAM's primary manifold and automatically in- 
jecting this sample into the G.C. This instan- 
taneous sampling indicated what magnitude of VCM 
was contained in the ambient air. Since the 
emissions that produce periods of high VCM con- 
centrations are of a discontinuous nature (due to 
the batch process) ,this method indicated when 
large losses of VCM to the atmosphere were occurring 
When G.C. analysis indicated significant ambient 
air levels of VCM, the frequency of instantaneous 
sampling was increased to every 11% minutes and 
the second method of sample collection was initiated. 
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Normally an instantaneous sample was analyzed 
every h hour. 

The second method used aluminized polyester 
(Mylar) multi-layer bags in conjunction with bat- 
tery powered personal sampling pumps to collect 
and hold the ambient air sample. The bags had a 
useful volume of 20 litres. The flowrate of the 
pump was not critical. All that was required 
was a significant size sample to be collected over 
a h hour period. This technique required 
only the sampling time and location be recorded. 



(v) Meteorological Analyses : 

Meteorological conditions were monitored on a con- 
tinuous basis by the instrumentation associated with 
the GMC mobile air monitoring (MAM) unit (REF Table 
II,, page 13). Complementing this microscale moni- 
toring, macroscale information regarding air mass 
movements and prognostics was obtained from 
Environment Canada, Welland. 

(vi) Calibration - Analyzers : 

Analyzers and sources were calibrated before the 
survey. During the survey, the analyzers calibration 
was checked at least once every day using the sources 
and built-in electronic circuitry. All monitors 
were found to be extremely stable and the calibration 
remained within the prescribed limits throughout the 
duration of the survey. Following completion of the 

survey, all instruments were rechecked in the lab- 
oratory and all calibration statistics were found 
to be satisfactory. 
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TABLE j: INSTRUMENTATION - GMC 



Instrument 



HjS Source 



H_S Analyzer 
SO- Source 



Manufacturer 



Analytical 
Technique 



S0 2 Analyzer 

3 Analyzer/Source 

N0 x , N0 2 , NO 
Analyzer 

CO Analyzer 



WC, CH4, THC-CH4 
Analyzer 



Hg Analyzer 



CO, THC, THC-CH., 
CH. source % 

Hydrocarbons 
chlorinated hydro- 
carbons, PAN, etc. 
Analyzer 



Hartmann & Braun 

(H&B Prior gasgenerator) 

H&B Picos 

H&B Prufgasgenerator 

H&B Picoflux 2 

Bendix 8002 

Bendix 8101-B 

H&B Uras 2T 

Ingenieur - 
Prcduktions-Gruppe 
Munchen (IPM) RS-5 

Scintrex HGP-2 
Matheson 



Hewlett & Packard 
Gas Qrrcmatcgraph 
5830A System 



Instrument 



* *Wind speed 
* *Wind direction 
Temperature 

Relative humidity 
Barometric pressure 
Solar radiation 



Manufacturer 



N/A 

electrochemical 

N/A 
conductanetric 
chemiluminescent 
chemiluminescent 



Infrared 
Absorption 

Dual flame 
ionization 
detector 

Ultra-violet 
Absorption 

compressed gas 



Retention time as 
measured by elec- 
tron capture, 
thermal conduc- 
tivity, or flame 
ionization detec- 
tors 



Maximum 
Sensitivity 
(Full Scale) 



N/A 

0.05 ppm 

N/A 
0.3 ppm 
0.05 ppm 
0.5 ppm 

50 ppn 



50 ppm THC 
(as CH4) 



200 ng/irf 
N/A 



As set by 

calibration 

procedure. 



Lambrecht gmBH 

Lambrecht gmBH 

Weather Measure 
(WM) T621 

WM-HM-111P 

WM-BM70-B242 

WM Star Pyranometer 



Scale 



km/h'r 
degrees 



percent 

millibars 

2 

watts/cm 



** These wind indicators are located on top of a 10-metre retractable mast. 
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06 Monitoring Site Locations 

The ambient air monitoring sites are shown 
on Map # 3 , page 15, and are described in Table # 2 , 
page 16. The sites are presented in chronological order. 

All monitoring sites were referenced to the 
main stack of B.F. Goodrich (UTM co-ordinates; 06487 - 47696) 
located at the west side of the PVC plant. 

The hi-volume sampler site is shown in 
Map # 4 , page 17. 



Map #3 
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TABLE # 2 

MOBILE AIR MONITORING SITES 

all monitoring sites were logged as 
Wei land # X 

Site ; Map Location and Distance Bearing Date 

Indent if ication UTM Coordinates (km) (degrees) 



1 A Hwy #63 0.35 210 May 15 

06485 - 47671 

2 A Hwy #63 0.35 210 May 16 

06485 - 47671 

3 B Hwy #63 0.26 170 May 16 

06488 - 47671 

4 C Hwy #63 0.25 180 May 17 

06487 - 47671 

5 B Hwy #63 0.26 170 May 17 

06488 - 47671 

Met Data D Hwy #63 1.15 100 May 18 

OnLy 06498 - 47671 

Met 3ata D Hwy #63 1.15 100 May 19 

Only 06498 - 47671 

1 D Hwy #63 1.15 100 May 23 

06498 - 47671 

? D Hwy #63 1.15 100 May 23 

06498 - 47671 

f] D Hwy #6 3 1.15 100 May 2 3 

06498 - 47671 

| A Hwy #63 0.35 210 May 24 

06485 - 47671 

ID E Hwy #63 0.27 160 May 25 

06489 - 47671 

11 E Hwy #63 0.27 160 May 25 

06489 - 47671 

12 (Met Data E Hwy #6 3 0.27 160 May 25 

Only) 06489 - 47671 
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Map #4 
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07 Results 

Definition of Terms : 

Scanning Time: Time interval for averaging 

and data logging of instan- 
taneous interrogations by 
the Data Acquisition System 

Time: Time of first and final scans used to 
determine running averages 

Number of Readings: Number of Scans 

MAM: Mobile Air Monitoring 

All statistical values are based on cumulative 
averages of instantaneous interrogations of the analytical 
instruments and all results are expressed in parts per 
million (ppm) . An example of the processed data format 
incorporated in the Welland survey is presented in Table 3 , 
page 19 . 
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TABLE # 3 
Processed Data Format 

(Further Analyses are Presented at the end of this report) 



WELL FIN lj #16 

bftl'l? HFlY 25 1978 

3 CRN TIME; 150 SEC 

flVERRGIHG TIME" 30 MIH 

1. 1 jiT R T I f .N s --, i: . OF I, F. GOO DPI C H< 0040-: 4"/ 6 ft \ \ 0, OFT M & i^SDiTa/SOUKCL 

TIME THC THC: CHO- M« GLOME 

f BflROMETE 



. 2 * i 



12: 07 12; 3, 



1 2 i 1 



THC 
SOLFlR RFIIJ 
Ml M3J SPEED 


y J N 


D 


rue: CH4 

T E M P 
DIRECT 


ION 


C;H 

HUMID 


2 » 8 E + 8 
8.8E>82 
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1 ., 2E + 8 
34 
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1 


1 . 6 
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3 ,. 1 E 


--02 

r 


I\8E 


+ 00 


3.£E 


-02 



--12:5 2 2 . 8 E + 1 1 1 - 2 E + 8 1 1 ■ I' I * @ 8 8 . E - * 

3 : : S H 9 9 F 



STMT I ST I CS 

NUMBER OF F: E R D I M GO 28 

(3 n [ | 1 1 T R H "i" M I M 1 1 -J M M R N ! M U H Fl R I T H N 6 1 1 C S f fl H B P F: D G E M E T R 1 G IF M IF "!" R I C 

VALUE VfiOUE HERN DEVIRTION HEFlF! 5TD. BEV, 

t H F: 2 „ 6 5 E * 8 8 3 « 5 1 E * 1 1 2 .. 8 ■ '. i E + I » 8 7 E - ■ ' \ 2.3 3 E + 8 S I « 1 6.E + i 

j h C; C H 4 1 . 1 2 E + 8 8 1 , 4 9 E + 8 1 . £F-i E + 8 9 , 8 1 E - r ? 1 , 2 3 E + 8 (3 i . 8 7 E + 8 i 

CH4 i , 50E+80 1> 73E+88 ]„G5E+88 V „ 88E-82 I „ CGE-HiG 1 , 85E-H3G 

n 2 8 H g F „ ft 5 E - 8 2 9 . 9 E - 8 2 ? .. ? 9 E - 82 5 . 9 5 E - C 7 . 7 7 E - 9 2 I . 8 8 E + I 

GfiLRP PAD 7.96E-S2 8.48E-82 ft,UF~82 1.31E-80 8.112-02 1.02E+8e 

TEMP 33 35 30 1 

HUM IDE TV 8 I 1 |J - 1 - 

BAROMETER 997 997 997 997 1 

MI HU SPEED I i--> ? » » 
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08 Discussion 

A nine day dry spell was experienced 
throughout southwestern Ontario during the last part 
of May, 1978. Although frontal systems moved through 
the Welland area on May 15 and on May 20th, very little 
precipitation was associated with either of these systems. 

Since the majority of the ambient air monitoring at the 
points of impingement was conducted during the afternoons, 
clear and sunny atmospheric conditions, which favoured 
dispersion, were prevalent. Diurnal heating was the major 
meteorological phenomena that supported dispersion 
whereas subsidence and nocturnal inversions contributed 
to appreciable ground level concentrations (glc) of air- 
borne pollutants. 

The winds were generally northwesterly and 
light (velocities usually less than 10 km/hr) . 

As mentioned in Section 04, Survey Technique, 
analyzers for monitoring SO_ , CO, O,, H^S, THC , NO and 
VCM were installed in the MAM Unit, However, only THC, 0_ , 
and VCM will be presented in this discussion since it 
was determined that ambient air concentrations of H^S, SO2 
and CO indicated only background levels. In addition, the 
NO analyzer was inoperative throughout this survey. 

The following Standards (Guidelines) , based on 
a 30-minute average concentration of gaseous pollutants 
as measured at points of impingement and as set out in 
Schedule 1, Regulation 15 of the Ontario Environmental 
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Protection Act, will be discussed/compared in the 
ensuing discussion. 

Pollutant Standard 



3 0.100 ppra 

VCM 0.2 ppm (Guideline) 

THC ** 

* 3 

Conversion from ug/m to ppm was made under the 

following conditions; temperature: 298°K (25°C); 

atmospheric pressure: 101.4 kPa 

** 

At this time of writing, there exists no Standard 
nor Criteria for total hydrocarbons 

Monitoring was carried out during 6 days between 
May 15th and May 25th. Over 98 hours of routinely mon- 
itored ambient air data were acquired at the 11 monitoring 
sites comprising this survey. 

Vinyl Chloride Monomer - VCM 

VCM is a chlorinated olefin hydrocarbon 
monomer which is found in the gas phase at ambient tem- 
peratures and pressures. Currently 95% of all VCM atmos- 
pheric emissions are believed to emanate from polyvinyl 
chloride (PVC) plants {Ontario Ministry of the Environment 
Report ARB-TDA 01-74, page 12). PVC contains residual 
entrapped VCM in the ppm range. This entrapped concen- 
tration is dependent upon the PVC production process and 
the VCM may be liberated in the presence of high tempera- 
tures during fabrication. 

Although the atmospheric reaction rate is 
slower than with other hydrocarbons known to be in the 
atmosphere, VCM does undergo some change in the presence 
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of nitrogen oxides and solar radiation. VCM is thought 
to indirectly contribute to the buildup of ozone. 
However, VCM in unpolluted air appears to be stable. 

VCM is distributed into the atmosphere sur- 
rounding the emission source in patterns that depend on 
the plant production, loading, the nature of the plant, 
geographic area and the ambient meteorological conditions. 
It has been theoretically shown that under slightly stable 
meteorological conditions (wind velocities ~ 9 km/hr) , 
using diffusion modelling for various model plants, the 
maximum glc of VCM occurs around 0.25 km from the source and the 
glc falls rapidly with farther downwind distances (EPA draft 
document on VCM - March 1975, Figure 11.1). 

It should be noted that the production of PVC 
is a batch process and in lieu of other trace pollutants 
emitted from the suspected source, the ascertaining of 
maximum ambient air glc of VCM and the location of impinge- 
ment zones was a major concern during this survey. 



Two hundred and forty-nine instantaneous samples of 
VCM were acquired and analyzed during this survey, (see 
Section 05-IV, Monitoring Technique) . Monitoring of VCM 
was carried out during every monitoring period (MP) of 
the survey and due to the discontinuous nature of the 
plant production and sample analysis, the glc of VCM were 
found to vary considerably. Samples analyzed ranged from 
below the detectable limit of 0.001 ppm to a maximum glc 
of 0.6 7 ppm. 
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In calculating the mean concentration 
value for this data, concentrations less than 0.0 01 ppm 
were arbitrarily assigned the value 0.0005 ppm; one- 
half the minimal detectable limit. Following this 
hypothesis, the overall average of the 249 instantaneous 
glc's of VCM was found to be 0.0 45 ppm with an associated 
standard deviation 0.097 ppm (see data summary table # 11 
on page 37 ) . 

From the data summary table on page 37 , 
it will be noted that approximately two-thirds of the 
VCM instantaneous glc data registered values less than 
0.0 01 ppm; in addition 16% and 6% of the analyzed VCM 
data depicted glc in excess of 0.100 ppm and 0.200 ppm 
respectively. 

On May 17th and 24th, significant glc of 
VCM were detected. Approximately 12% (15/119) of the 
acquired data on these two days denicted glc of VCM in 
excess of 0.200 ppm. Maximum instantaneous glc of VCM 
were 0.48 ppm (at 11:20) and 0.6 7 ppm (at 11:18) for 
May 17th and 24th respectively. These significant con- 
centrations were probably due to the dissipation of the nocturnal 
inversion by the diurnal heating effects. The winds 
were relatively strong (~ 18 km/hr) and the MAM Unit 
was situated close to the source and directly in the 
low level emission plume. (See concentration/time graphs 
for Welland #4 and #9 on pages 48 and 53 respectively. 
In addition note the wind-rose on page 56 and summary 
Table #11 , page 37. ) 
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The contention that the glc of VCM drops 
significantly with downwind distance was dramatically 
shown in Table #12 (page 38), which lists the mean VCM 
glc with respect to site location and comparing these 
distances as shown on Map #3 , page 15. Significant 
concentrations of VCM were only found within 1.0 km 
of the suspected source. At site D {1.15 km downwind 
of the B.F. Goodrich Plant) , only 2 of the 61 analyzed 
samples (i.e., 3%) yielded detectable quantities of VCM. 

The only possible source of VCM was the 
B.F. Goodrich plant and this is shown in the VCM/wind 
direction analysis for May 24th as shown in PLOT #3 , 
page 41 . 

The raw data obtained through instantaneous 
sampling were also statistically analyzed in different 
time segments (Table #13 , page 42). Of particular in- 
terest were samples #179 to #182 inclusive. These four 
samples were drawn on May 24th, at evenly spaced time 
intervals of 11.5 minutes, starting at 11:53. The mean 
glc of VCM was 0.35 ppm with the associated standard 
deviation of 0.06 ppm. Using statistical methods (con- 
fidence levels obtained from small sample populations and 
t-distribution curve analyses) , it can be shown that the 
universal sample mean lies between 0.26 ppm VCM and 
0.45 ppm VCM with 95% confidence. At the 98% confidence 
level, the universal sample mean would lie between 0.21 
ppm VCM and 0.49 ppm VCM. This particular sample period 
spanned a total of 3 3 minutes. The current Ministry 
Guideline for the half-hour time weighted average for VCM 
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at the point of impingement is 0.200 ppm. Therefore, 
statistically, this Guideline was exceeded with 98% 
confidence during this period. Additional analyses were 
performed on other time periods and the results are 
presented in this same table for the reader's convenience. 

It must be mentioned that on May 24th, 
Mr. Reid, a plant engineer with the B.F. Goodrich plant, 
explained that the plant was not in its' normal operational 
mode. Significant re-surfacing of the factory roof was 
being undertaken at this time and a roof-fan was not in 
operation, thus perhaps causing low-level VCM emissions. 

On May 19th the plume from B.F. Goodrich was 
inaccessible. The MAM Unit was located upwind of the source. 
No VCM was detected. 

Only 6 gas bag samples were acquired 
and analyzed for VCM during this survey. With permission 
of B.F. Goodrich, these samples were gathered on plant 
property and the results are shown in Table #14 , page 43. 
Only 4 of the 6 samples depicted any VCM. For these 4 
samples, the maximum VCM glc was 0.08 ppm and the overall 
mean was 0.04 ppm. 

Because of the sampling procedure employed with 
these bags, these results may be treated as true 
half-hour time weighted averages, and may be directly related 
to the half-hour VCM Guideline of 0.200 ppm. It should be 
stated that the results are expected to be inherently low 
by as much as 10% due to the continuing chemical reactions 
in the sample container, wall losses (due to adsorption), 
leaks, etc. (Reference to the Ministry of the Environment 
Report ARB-TDA 09-75.) 
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Total Hydrocarbons - THC 

Monitoring glc of THC was carried out 
during all 11 M.P. comprising this survey and a summary 
of the analyzed data is presented in Table # 15 on page 
44 

Essentially low concentrations of this group 
of gaseous pollutants were detected throughout this 
survey. For the 98 hours of data, the overall average 
glc of THC was 2.31 ppm with an associated standard devi- 
ation of 0.83 ppm. 

As noted by Mr. Reid (B.F. Goodrich plant 
engineer) and by MOE personnel, extensive roofing construc- 
tion/repair was being carried out during this survey. 
The higher glc of THC, as monitored on May 16, 17, 2 3 
and 24, may be directly attributed to this operation. 
During the weekends, a noticeable decrease in THC concen- 
trations was observed. 

The highest maximum half-hour average concen- 
tration of THC was recorded on May 24th and its' value 
was 5.6 ppm. This significant concentration was recorded 
under calm/cool conditions at night under a nocturnal 
inversion phenomenon and in the absence of ozone. (See 
concentration/time analysis for M.P. Welland #9, Fig. #9 
on page 53 . ) 
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Ozone - 

Although the B.F. Goodrich PVC plant was 
not a suspected source, was monitored during this 
survey so as to establish data on regional levels and 
to see if there was any correlation between , THC 
and VCM ambient air concentrations. Ozone was detected 
in low concentrations throughout this survey and a 
statistical summary is presented in Table # 15 on page 
44 . The overall average glc of for the entire 
survey was 0.033 ppm with an associated standard deviation 
of 0.025 ppm. 



Hi-Volume Analyses 

Concurrent with the intensive ambient air 
monitoring programme carried out in the vicinity of 
B.F. Goodrich, two standard hi-volume samplers were setup 
in downtown We Hand at 337 Alberta Street. (See Map #4, 
page 17 ) . This site was selected as being downwind of 
the large industrial complex (comprised of Stelco and 
Union Carbide) located east of the Old Welland Canal system 
and south of Ontario Road. During this sampling period 
and as noted by the Ministry's Regional Office, Union 
Carbide was inoperative due to a labour strike. 
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Both hi-volume samplers were operated 
during the same time intervals; one exposed regular 
glass fibre filters for total suspended particulate 
(TSP) and poly cyclic aronatic hydrocarbon (PAH) mass loading 
whereas the other exposed Delbag-Microsorban polystyrene 
fibre filters for silicon (Si) and alumina (Al) mass 
loadings. 

All wind information denotes a 24-hour 
average and was accumulated at the Air Resources Branch's 
meteorological station, 309 Beatrice Street, Welland. 

All hi-volume samplers operated on a 2 4-hour 
basis. 

The aforementioned data is summarized in 
Table #16 , page 58 . 

T otal Suspended Particulate - TSP 

During this survey, the winds were predominantly 
westerly (220 to 300 degrees) and essentially calm (vel- 
ocities less than 7 km/hr) . Therefore the sampling site 
was, on the average, downwind of Stelco and Union Carbide. 

High TSP mass loadings were recorded through- 
out this survey. Six of the seven samples depicted ambient 
air concentrations of TSP in excess of the 24-hour Criterion 

120 ug/m ■ the seventh sample had a TSP mass loading of 

3 
116 ug/m . The overall average TSP concentration was 

3 3 

165 ug/m with associated standard deviation 29 ug/m . 

The relatively low standard deviation (18%) denoted consis- 
tent high TSP concentrations in this area. 
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Silica dioxide - Si0 2 



High concentrations of SiC>2 were also 
recorded during this survey. The overall average Si02 
concentration was 12.6 ug/m 3 (i.e., 8% of the average 

TSP concentrations) with associated standard deviation 

3 
14.1 ug/m . The maximum 24-hour concentration was 

42 ug/m (25% of the average TSP concentration) and was 

acquired on June 1st. The average winds were from the 

WNW - directly pointing to Stelco and Union Carbide as 

being the most probable sources. 



Alumina - Al 



Lower, yet significant, concentrations of 
alumina were detected in this area. The overall average 
Al concentration was 0.76 ug/m with associated standard 
deviation 0.25 ug/m . 

Again the maximum Al loading was recorded 
on June 1st. The 24-hour concentration was 1.32 ug/m . 



Polycyclic Aromatic Hydrocarbons - PAH 

Low concentrations of PAH were recorded at 
337 Alberta Street. The overall average mass concentrations 
of f luoranthene, perylene, benzo (k) fluoranthene (BkF) , 
benzo (a) pyrene (BAP) and benzo (ghi) perylene (B(ghi)P) 

were 0.47 ug/1000 m 3 , 0.73 ug/1000 m 3 , 0.38 ug/1000 m 3 , 

3 3 

0.50 ug/1000 m and 0.98 ug/1000 m respectively. 

The above concentrations were found to be 

comparable to the background readings recorded at Sault 

Ste. Marie in 19 75 - ARB Report 24-76. 



TABLE II 



i I 4 
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CONTAMINANT LEVELS IN TIIOROLD 



SAMPLK 
NUMBER 


DATE 
1978 


TIME 


LOCATION 

(REF.FIG. 

,N9i. L. 


V.C.M. 
CONCEN . 

fPPlit) 


WIND 
SPEED 
(Km/Hr) ,! 


WIND 

DIR. 

(Deq.) 


1 


May 15 


20:30 


A 


0.034 


13 j 


5S ,,- 


2 




23: 05 


A 


<g T nm 


12 


45 


3 




23:35 


A 


<n.ooi 


13 


50 


> — -— ■ 
4 


May 16 


00:05 ! 


A 


<0.001 


13 


m 


5 




00:35 


A 


<n.nm 


12 


6.2 


6 




01:05 


A 


<n-nm 


12 


fin 


7 




01:35 


A 


<o.noi 


12 


6Q .., 


8 




02:10 


A 


<0.001 


12 


75 ., 


9 




02:40 


A 


<0.001 


12 


82 


10 


03:10 


A 


<0.001 


12 


79 


11 




03:40 


A ! 


<0*(W1 


12 


77 


________ 

12 




04:10 


A 


<0.001 


12 


78 




13 




04:40 


A 


<0.001 


12 


61 


14 




05:10 


A 


<0.001 


12 


55 


1 15 




05:40 | 


A 


<0.001 


12 


56 


16 




06:10 


A 


<0.001 


12 


59 


17 




06:40 


A 


<Q T 0pi 


11 


64 


18 




07:10 


A 


0.079 


11 


53 


19 




07:40 


A 


0.041 


11 


50 


20 




08:10 


A 


<0.001 


11 


52 


21 




08:40 


A 


0.107 


11 


42 


22 




09:10 


A 


0.070 


12 


32 


23 




13:00 


A 


0.002 


18 


62 


24 




13:15 


A 


<0.001 


19 


67 


25 




13:30 


A 


<0.001 


20 


68 


26 




14:00 


A 


0.145 


20 


58 


27 




14:30 


A 


<0.001 


20 


59 


28 




15:00 


A 


<0.001 


21 


55 


29 




15:30 


A 


<0.001 


21 


61 


30 




16:05 


A 


<0.001 


20 


56 


31 




16:15 


A 


0.079 


20 


j 59 


32 




16:30 


A 


<0.001 


20 


62 


33 




17:30 


A 


<0.001 


19 


58 


— — 

34 




18:00 


A 


<0.001 


19 


58 


35 




18:30 


A 


<0.001 


18 


57 


36 




19:00 


A 


| 0.138 


17 


46 


|.| 37 


| 19:30 


A 




49 



TAM.K g 5 
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CONTAMINANT L.KVKL:: IN t1M¥K>y 










TABLE i» 6 
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CONTAMINANT LLVET.S IN THOROLD 



SAMPLE ' 
NUMBER 


DATE 
1970 


TIME 


LOCATION 
(REF.FIG. 

*>- 1... 


V . C . M . 
CONCEN. 
(DBIOl... 


WIND 
SPEED 
(Km/Hr) 


WIND 

DIR. 

<Deg.) 


75 


May 17 


14:45 


c 


Co. oo.i 


17 


46 


76 


tt 


15:20 


c i 


<0.001 


18 


354 


77 


ll 


15:35 


c 


<n.nm 


18 


352 


78 


If 


15:50 


c 


0.080 


19 


35 4 


79 


H 


16:20 


c 


0.070 


22 


353 


80 


M 


16:50 


c 


<n.nm 


24 


345 .,. 


81 


M 


17:00 


c 


*n.nm 


24 


345 


82 


11 ■ 


17:30 


c 


<0.001 


H 


347 


83 


n 


18:00 


c 


..QrQ37 


21 


18 


84 


ll 


18:30 


c 


...9,0,64. 


19 


17 


85 


fi 


19:00 i 


c 1 


<0.001 


18 


11 


86 


ll 


19:30 


c 


<0.001 


17 i 


35 


87 


ii 


20:00 


c 


<0.001 


17 


337 ; 


88 


ti 


20:30 


c 


<i0.001 


16 


340 


89 


ll 


21:00 


c 


<0.001 


15 


336 i 


90 


M 


21:30 


c 


^0.001 


14 


309 


91 


II 


22:40 


c 


<0.001 


13 


311 


92 


Tl 


23:33 


B 


<O.001 


11 


300 


93 


(1 


24:00 


B 


<0.001 


11 


295 i 


94 


May 18 


00:30 


B 


<0.001 


11 


167 


95 


ii 


01:00 


B 


<0.001 


10 


14 


96 


ir 


01:30 


B 


0.096 


9 


6 


97 


11 


02:00 


B 


<0.001 


11 


284 M 


98 


tl 


02:30 


B 


<0.001 


11 


291 


99 


r 


03:00 


B 


0.079 


11 


331 


100 


11 


03:30 


B 


0.104 


11 


346 


' 101 


11 


04:00 


B 


0.017 


10 


345 


102 


h 


04:30 


B 


<0.001 


11 


19 


1 103 


II 


05:00 


B 


<0.001 


12 


! 74 | 


I 104 


ii 


05:30 


B 


<0.001 


12 


222 


I 105 


ii 


06:00 


B 


<0.001 


12 


234 


106 


M 


06:30 


B 


<0.001 


12 


233 S 


! 107 


II 


07:00 


B 


<0.001 


13 


; 253 ! 


! 108 


II 


08:00 


B 


<0.001 


13 


277 


: 10 9 


M 


08:30 


B 


<0.001 


14 


265 


1 110 


11 


09:00 


] B 


<0.001 


16 


277 J 


J 111 


11 


09:30 


I B 


<0.001 


17 


244 | 



33 



TADLF # 7 



CONTAMINANT J/!:,VELR IN THOROIX' 




tapf.k 'i 8 
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CONTAMINANT l,KVKI,:~ IN THOIiOT.D 



SAMN,E 
NUMBER 


DATE 
1978 


TIME 


LOCATION 
(REF.FIG. 

m* ) 


V . C . M . 
CONCEN . 

fpprc? 


WIND 
SPEED 
(Km/Hr) 


WIND 

DTR. 
(Deg . ) 


149 


May 23 


18:50 


D 


<0.001 


4 


239 


15 


II 


19:20 


D 


<0.001 


3 


195 


151 


IT 


19:50 


D 


<0.001 


2 


217 


152 


PI 


20:20 


D 


<0.001 


1 


203 


153 


tr 


20:50 


D 


<0.001 





205 


154 


ir 


21:20 


D 


<0.001 





215 


155 


M 


21:50 


D 


<0.001 





216 


156 


IT 


22:20 


D 


<0.001 





284 


157 


II 


22:50 


D 


<0.001 





56 


158 


II 


23:20 


D 


<0.001 





63 


159 


11 


23:50 


D 


<0.001 





151 


160 


May 24 


00:20 


D 


<0.001 





137 


161 


II 


00:50 


D 


<0.001 





129 


162 


ii 


01:20 


D 


<0.001 





136 


163 


tr 


01:50 


D 


<0.001 





294 


164 


ii 


02:20 


D 


<0.001 





281 


165 


ii 


02:50 


D 


<0.001 


1 


101 


166 


ii 


03:20 


D 


<0.001 


1 


51 


I 16? 


n 


03:50 


D 


<0.001 





103 


168 


ii 


04:20 


D 


<0.001 


1 


119 


169 


ii 


04:50 


D 


<0.001 





259 


170 


ii 


05:20 


D 


<0.001 


1 


15 


171 


ii 


05:50 


D 


<0.001 


2 


14 


172 


ii 


06:20 


D 


<;o.ooi 


2 


7 


173 


M 


06:50 


D 


<0.001 


7 


25 


174 


tl 


09:00 


A 


0.031 


- 


- 


175 


tl 


09:30 


A 


0.302 




- 


176 


II 


11:18 


A 


0.667 


- 


- 


177 


: ' 


11:29 


A 


0.151 


- 


- 


178 


M 


11:40 


A 


0.121 


- 


- 


179 


II 


11:53 


A 


0.321 


- 


- 


180 


II 


12:04 


A 


0.273 


15 


354 


181 


II 


12:15 


A 


0.398 


15 


357 


182 


II 


12:26 


A 


0.391 


16 


358 


183 


II 


12:38 


A 


0.029 


16 


1 


184 


II 


12:49 


A 


0.344 


15 


2 


185 




13:00 


A 


0.075 


13 


7 
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CONTAMINANT LEVELS IN TJiOROfJ'3 




TAHJ.T-: H 10 
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contaminant i.t'vr.i,:'; irj THo;<or,D 



SAMPLE 
NUMHi.R 


DATE 
1978 


TIME 


LOCATION 

(TiEF.FIG. 

NO. 1 . 


V .CM. 
CONCEN . 

,, i£Ptn) 


WIND 
SPEED i 
(Km/Hr) 


WIND 
DTP. 
(Dot}.} i 


223 


May 24 


21:41 


A 


<0.001 


1 


%m 


224 


H 


21:52 


A 


<0.001 


1 


"\M 


225 




22:05 


A 


„ 0.182 


1 


23.R 


• 1 2 2 6 




22:16 


A 


^0.001 


. . . 


175 


I 227 




23:20 


A 


<0.001 


. 


R4 , 


228 




23:31 


A 


<n.nm 


n 


173 


229 




23:42 


A 


n.020 


Q ... 


. 1 fi4 ,.,. 


1 230 




23:53 


A <0.001 


o 


180 


i 231 


Mav 2 5 


00:05 


A 


<0.001 





2.14 


232 




00:16 


A 


<0.001 


o 


.... 2 R.I 


| 233 




00:28 


A 


Q.Q16 





34 3 


! 234 




00:39 


A 


<0.001 


1 


3™ 


235 


„ 


00:50 


A 


0.049 


.... ,3 


. 356 


236 




01 :01 


A 


0.109 


3 


356 


8 237 




01:12 


A 


0.118 


3 


357 


1 238 




JL2:30 


E 


-cn.ooi 


L s ... 


,3.1,5 


239 


., 


12:41 


E 


0.102 


7 . 


. 3.20 


240 




12:53 


E 


0.104 


8 


r ... 32.fi 


241 




18:15 


E 


<0.001 


4 


302 


242 




18:45 


E 


^0.001 


, 6 


231 


243 




19:15 


E 


<0.001 


.... 2 ,.. 


214 


244 




20:15 


E 


<0.001 


.3 


22Q 


245 




20:55 


E 


<0.001 


2 


220 


i 246 




21:25 


E 


<0.001 


3 


212 


247 




21:55 


E 


<0.001 


2 


221 


248 




22:25 


E 


<0.001 


2 


210 


249 




22:55 


E 


<0.001 


1 


200 












































L 
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CELL 
COUNTS 



TDTRL 



DRTR 



375 WELLRND SURVEY 




ND. 5RMPLE5 = 2H9 



HERN * 0.0HS 
5TD„ DEV„ = 0.037 



I 



la 



US 






CELL LIMITS 



9 t 



• • 



• 



I 



COX 
QUITS 


% REL- 
FTBL 


















¥.< 


:.m„ 


DHTR 


) 


0,001 


PPM 






12 • 


iS,B 














12 • 


■ 13.2 










I97B WELLRND SURVEY 




B • 


IH.H 












NO. 5RMPLE5 = 77 
*"\ MERN = 0.132 PPM 




E- 


7.B 
S.2 

1 r 


/ 
















5 


TD. 


m 


. = 0.127 PPM 




2 ■ 


2.5 
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IB 
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C 
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ER5T 
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13S.B&- 



SB. BU- 



MS. BH- 



Z.Wr' 



-HS.BH- 



-9H.80-- 
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MRY ZH/ 1376 
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PPM V.CJt. V5. WIND DIRECTION 
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R 
m 



H 

ca 
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i 
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TABLE 13 



VCM Statistical Analyses - 249 samples 


Probabilities - h hour universal means - units PPM 


Samples 


Number 


Duration 


Average 


St. deviation 


99% 


98% 


95% 


90% 


80% 






















65 - 67 


3 - 


32 min 


0.330 ppm 


0.202 ppm 


- 1.517 


- 1.163 


1 - 0.849 


- 0.684 


0.113 - 0.561 
















- 






65 - 69 


5 


56 min 


0.24 5 ppm 


0.18 9 ppm 


- 0.761 


- 0.674 


0.012 - 0.576 


0.078 - 0.510 


0.138 - 0.450 






















175 - 182 


8 


176 min 


0.32 8 ppm 


0.170 ppm 


0.195 - 0.887 


0.244 - 0.838 


0.307 - 0.775 


0.353 - 0.729 


0.401 - 0.681 






















179 - 182 


4 


3 3 min 


0.346 ppm 


0.060 ppm 


0.175 - 0.531 


0.215 - 0.492 


0.256 - 0.450 


0.281 - 0.425 


0.303 - 0.403 






















196 - 210 


15 


161 min 


0. 15 2 ppm 


0.108 ppm 


0.111 - 0.379 


0.127 - 0.363 


0.149 - 0.341 


0.166 - 0.324 


0.185 - 0.305 






















1 - 249 


249 


6247 min 


0.045 ppm 


0.09 7 ppm 





















































VCM concentrations less than 0.001 ppm were assigned values 0.0005 ppm (i.e., | of the minimal 
detectable signal) for these analyses. 






TABLE # 14 



GAS CHROMATOGRAPH — SURVEY IN Welland 



1978 



PLANT 



B.F. Goodrich 



SAMPLE 
NUMBER 



#1 
#2 
#3 

#4 

#5 
#6 



DATE 



May 16/78 

May 17/78 

May 18/78 

May 18/78 

May 19/78 
May 25/78 



TIME & LOCATION 



MAP 
REF 



15:15 - 15:50 (64865 - 47672) 
0.14 km and 225 dgs/water tower 

15:20 - 15:40 (64890 - 47671) 
0.33 km and 130 dgs/water towei 

12:15 - 12:40 (64850 - 47672) 
0.2 km and 225 dgs/water tcwer 

16:05 - 16:15 (64850 - 47672) 
0.2 km and 225 dgs/water tower 

i n o peaks ■ 

15:40 - 16:10 (64890 - 47673) 
0.25 km and 90 dgs/water tower 



COMMENT 



360/10 km/hr 
360/10 km/hr 

CALM 
315/5 km/hr 

315/5 km/hr 

Average 
St. Deviation 



(BAG SAMPLES) 



CONCENTRATIONS 



C 2 H 4 



C 2 H 6 



C 3 H 6 



PPM 



C 3 H 8 



V.C. 



0.079 



0.041 



0.023 



0.030 

0.043 
0.025 



C H IS 
^4 n 10 



i 






TABLE # 15 



Contaminant Levels in 



Units - PPM 





LOCATION 


Date 
1978 


Monitored 
Period 


Instantaneous Concentration 
THC 


Maximum 1/2 Hour 
Average Concentration 


Sample Period 
Mean Concentration 


Scan \ 
Time i 

(min. ) 




Min . 


Max. 


Min. 


Max. 


THC 


°3 


THC 


°3 






Welland #1 


May 15 


17:26 - 09:1] 


0.001 


2.42 


0.001 


0.038 


2.2 


0.036 


1.71 


0.010 


2.5 




We Hand #2 


toy 16 


11:52 - 21:3" 


1.77 


3.22 


0.004 


0.057 


2.0 


0.053 


1.91 


0.042 


2.5 




Welland #3 


toy 16 


22:16 - 09 : 4e 


1.78 


4.01 : 


0.002 


0.039 
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50 

9 « 1 1 Ir I I 

i 1 
4 1 

9.8E-81 
•i ■".' 

■...' ■..,■ 



CH4 
HJHirUTY 



3 1 3 



1 . IE ■*• i & 



1 . 2E-H30 



:U2E-i-00 



„ 2E+00 
2 3 '4 



+ M 



1 „ 7E + 00 



El ::: lRi: ! l1E"fER 



1 . 5-E m 

q 3 :: ,; 



1 . SE 36 

992 



I „ 5E -36' 

Ci Q 'J 



1 , SE- 0i 
q Q ■? 



1 , BE 3< 
992 



1.5E-06 
992 



1 . 5E-8b 
q ?| p 



ST ATI SI ICS 



NUMBER OF RERIUNG 
POLLUTANT 



THC Cl-14 

CH4 

OZONE 

SOL..FIR RRD 

TENP 

HUMIDITY 

BAROMETER 

WIND SPEED 



81 



MINIMUM 


MAXIMUM 8 


SITHWET 


I c 


SfANDAR.- 


GEOMETRIC 


gl i ph.: r 


VALUE 


VALUE 


HERN 




ULVIHTIP 1 - 


MEAN 


S'P.L 1 


1 « U0E--06 


2„ 42E+90 


I.7IE+ 


38 


5. c-Tt'-U'' 


8„ 06E-81 


2,421; 


1 ,. 0OE--0b 


1. 52E+30 


8. 13E 


3 1 


3„ 39 E 1 i 


4.82E--01 


1 , 35 E 


1 ,, 00E-S6 


2,. 02E+80 


9. 46E- 


31 


5. 80E--0 j 


2 , 25E--02 


4.34E 


1 . 00E-0S 


3, 82E 02 


,..] s j ~t |r , .. 


33 


1 . 37E-0 . 


6, 76E-05 


1 ■■ 332 


2„ 08E--06 


1 „ 95E--02 


1 *7SE~- 


5 3 


3„ 54E--0 : 


1.S3F 04 


i , i 1 E 


11 


18 


1 3 




2 






1 f 


fi d> t 


164 




35 


1 6 




q g q 

" 4 


992 


1 0' 




I 

5 


996 
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WELL n HD #2 



DATE I 

SCAN TIME;: 
AVERAGING TINE 
LOCATION: S„ W. 

TINE 






MffY 16 197! 
158 SEC 
30 ! v tIH 

'F B„ F„ GOODR 

THC 
SOLRR RflB 
WIND §PE£B 

it. §s>ii 

2. @E 82 

19 



( i;J 6 4 1 5 - 4 ? 6 :- :: I 5 i @ ,, 3 K M I: ,"' .• -.. Jl l , 



SOURCE 



THC CM 4 

TEI1P 
WIND DI RECTI ON 



■ !■■'! 1 



CH4 

HUN I Bl TV 



1 , IE + 00 
128 







BfikOlin L i- 



6 3- 






1 . 9E + 80 

i , SEH3S 



■ 1 



+ M M 






i ;. : i 3 






13S0'! 



-J -;'i .« Rr -T;i WhtT r _. _ ■] '';; r tt 



1 :M 0'i 



.1. o 



13: 3" 



■13:52 



1 , 9 E + 
3.01-01 



1 „ 9E + 80 
3„7E-U2 

1 4 

1 . 9E + 88 
3,7'E ©2 

1 3 

I „ l [ ' + i Ki 
4„ IE- 02 



1 , 9E+00 
4.4E-02 






* I?" 
62 

IE II 



i „ 8 1 - 1" i i 


2 


68 


s. i e .-■ a i 


20 


§ 7 



I, 


, IE 


'!■■ 13 


:i, 


1 E 

1 1 


"I" 9 


1, 


. 1 E 
9 


H- 


1, 


, 1 1 





1 „ 2E + 80 



3. IE- 08 

m ■■■;■", 



3„ 3E--02 

Cj Q O 



8„ 5E 0; 

q Ci ;■:;■ 



4,01 02 



b q ■ a 



4 " 



1 » yE + U!:::! 

4„ si 02 

1 5 



20 

•J i 



1 , 2 E ■■1-00 



■y, : .:' 



9 9 3 



r : -5.2 



1 , §£+§§ 

:i. 6 

1 , :| E + 00 

$» OF ig 

IS 



IE- 01 

20 



@E 01 

20 



1 ., 2E + I : ;1U 

7 1 



i „ gfe.+ise 

7 1 



4.3E- 


3 


'..|q 


■•[ 


4„ IE- 


- 2 


9 9 • 


| 



I , 9E +00 
6.4E-02 
1 1 



21 



57 



! E + 
65 



4 ,. f !:::, 



1 --• j 



■1510'; 



I „ 3R+U0 
6„8E 02 

1 i 



8.0E-01 



j -,j 



i , 2E+0i; 

60 



HELP El Ml) i-2f CONT 1 ' D 



- 65 - 



PRGE 



15:87 



I ME 



i j i 



I %i 1 ? 1 >:' : 5 0i 



THC 

SOi.,HR EfllJ 
RIND SPEED 

1 . 9F+80 



I. „ tE+88 
5„9E--02 
:!. I 

i .9E+00 
5. 7E-02 



1 „ 9E + 00 
3„5E 02 





THC CH4 

TEMP 




[ H 


J HI RECTH 

8„ 0E--01 
2 1 

5 S 

8„0E 01 

2 1 
1 1 

: ::: ;„ PiE ■►-• i 

2 1 

ii 

7.9E-S1 
2. 

■J i 


m 



b 1 



1 „ 2E+9Q 

it 



1 . H : ;l0 
& 6 



ERRO METER 



5. 0E 

q q o 



4 „ 9 g @ g 

q o ;;:. 



8h"U, : : : : 
Q ;? 



15 






I „ 9E+80 



1 

55 



r ty 



bi:::. 1; 

q '::;i ■;:• 



;l . f- i i?~ --" IE: I? 



1 „ yE+00 
4., 3E-02 



2 Id 

59 



g 9 



4» 6E--02 

q q -p 



16 J 22 — 



l u y E + 



l ,i I t 

li 

63 



1 „ 2E + 0i;::i 
65 



„ 8E--02 

qq 3 



16: .q' 1 M5 0', 



2„ 0E+00 
i, 0E fti 



'0 



.,..i i. 



:E+0y 
6 1 



5. ©I 02 

q q ■;:■ 



16:52 



: in 



.!. f ii 




2„ §1>U@ 
' is 


1 ? : 
1 ? ii 


32 


1 „ 3 EM' 6 8 

2„0E 02 

1 8 

;!. „8E + 80 

2.9E 82 

18 


1 6 I 


;:i7 


l„8E+00 
2„ 5E--02 
1 7' 


1 8 ! 


22 


1 , 9E+00 

1 ,|f 02 

I 4 


1 8 i 


.:■ i'' 


1 , 9F+0R 
1.2E-02 



Q „ S 1 1 



f ,, "+ 1::. ':: J J, 

19 
■J O 



1 9' 
6 1 

7., 2E-01 
1 f 

■J '-' 

7„4E 01 

1 9 
5 5 

7„4E--01 



I . 2E+00 



f 2 
I , F+0U 

r' ■:". 

1 „ 3 I +9 

i' 

i „ lE+fti 



5, J 6,-gl 

q o ■;■ 



5„ lE-02 
q S ■;■ 



3 ., ,:.:. C, B .:::. 



qqq 



q q •;:> 



l: ;„ RE 02 

b g ? 









RtLLRN.0 #•'.? CORT 



- 66 - 



prge: 



IW€ 



1HC 
SOLRR RRD 
1MB SPEED 



TRi. 

TE 

INB HI 



ch4 ; 

•HP 

RECT] ON 



CH4 
HUM I BIT 



GZUNE 
BflROMETEf 



1 8 



i , 8E+Q0 
7. 7E-83 



18 
5 G 



i a 8E+09 



R„ RE R 

992 



1 9 I 



1 , ;'E + RU 

5. 6E 13 

1 i 



17 
4 b 



1 . 3E+@0 



. b t M ,. 

Q fit .::■ 



| g s 5; 



I ! :J ! § i 



1. 9 s 



1 „ :-'E + 88 

4, 3E---83 
1 1 

1 ., 9E9-80 

3. 9E: 83 

1 8 

8„ 8E+8R 
3. P'E-83 

i 



7,, 8E 81 

17 
45 

7. 7E 01 

i 7 
51 

8.< SI 81 

17 
47 



- ki y 



i :| 



1. 3 EM 83 



i„3E+ee 



4 ,i -Jt" 1 


8 


'■'■\ : -i :. 




4, 2E- 


■3 


S 1 2 




4.2E- 


u 


'-i'i ' 





23 J 3" 



2. K'4-li 
4.4E 83 

h 



8,. IE 31 



l,3£ + i'8 
1 ! : :i 8 



3>9E I 

991 



i ! 1 1 



'M 5 



1 « 8E+88 
j. II 8 3 

b 

1 ,, 8£ + 8 8 
1 . 8E 83 



7. 3E-81 

16 

•~. e ;:: 

.;? ,..l t' 



1 » 3E + 83 
185 



1 ,. 3Et08 
128 



8,3fc-fc 
>1 a 1 



>. ki t 3 >: 



1.3E+88 
5.46-04 



i 4 " 

4 



1 . '37. + 88 



3.5E- 






1 ,, 3E + 88 
1 . 4E--84 



i 4 

5 



! t :.4::i: + 8R 



,;■ I 4 ■? i..; • 



i„ 9E+88 

3„ 8E 8b 

3 



7 3?E»01 



:l. , 3E+S6 



'■'■/■■ : 



= 8' 



21 



2.8E+88 
1 . 2E 85 



8E 81 

.1 ■:,< 
■■::• ■:>,:::■ 

V 1 W '■>■' 



■ 8 8 






NEU...HNH m DJN'PIi 
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mr.A 






iHTisTies;- . 



NUMBER OF RE HI) I Hi, 



Pul LUTRHT 



the. 
THC-CfN 

02: one:: 
solar rh'd 
TEMP 

HUMIDITY 
BAROMETER 
HI KB SPEED 



1 Hi nun 

VALUE 



1 1-1 



1 „ 77E + E 
E7, 94E-E 

I, J26+* 

4,37E-@S 

:l. 3 

II 

9 91 
1 



hi RX I Ml JM RRITHMETIC 
VALUE nEAH 

3„ tM*-M 3 > |l|* 

I , 5$E^#f 7. 39 E 

1 , :3 4 e: -i- 

s,e?E 02 

9., 36E Q2 

171 
9 9 3 

24 



: ■ IS I ■'!,':■ I I:,! 



9.1 



E+ 



18 

S3 

9 C| p 

14 



BE 



:•-■;. 1 

IE ■•<:. 
•;;,E -r; 


iH 
11 


he 

1. . 


IE i 

dE-T 
5E-£ 

Li 

33 

1 


l3 
! 2 


1 .. 
4 .. 



IE -1 1 

5.E f 

oE-i-i 
4.B1E-4 



;' - ; 

9 ■: 2 

1 2 



; 


iometric 
rn, : DEV, 




1 ., 97E-I 9U 

! ., :i l::l L Kill 




1 „ fS^E 1 1 11:1 




1 ., #i;e+w@ 

1 ., 64E+B1 




1 

1 
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HELL FIND «: 



DRIES Mfi'r' lb 13?': 

SCFIH II ME; 150 SEC 

AVERAGING TIME « 38 WtH 

LUCRTIf'fHs :,»!.:„ Of B, E„ GOOIH^Ii/H 1 : 0i: 



l-l ( gi b 4 S S 4 7 6 7 1. ) ; @ . 2 £ K II &. 1 7 6 5 G 8 ■■■■' S U R C E 



ME 



THC 

301 FIR RFlD 

run speed ii i: i- 



*HC CM 4 

TEMP 
DIRECTION 



OH 4 
HUMIDITY 



B70NE 
BAR METER 



i : -.]i 1 3 £2 ;; ##• 



2„ 3E+O0 
1 „ 4E-05 

i 



9* 6E 8: 

:l. I 

36 



1 „ 11+ pi 
19:.' 



2E ig 






2, 3E+80 
8<4E @S 

o 



9 , I E 8 i 

1 1 

•'■■i --i K 

C L„ -J 



+ Id M 



,-:' 



3»4E-©2 

GQ'f 



22 s 4) 



2„ 9P+O0 
2.4E 05 



8„7E-01 
1 J. 



I „ 2E + O0 






1 



? 3 § 3 i II „ 8 E "i" 9 @ 
2„4E i35 



;■ :;» 46— 



:. ( e 1 ■ 



,:::. •,::> & 


4 b 


1 . 


7E-05 


6 ! 


81 


1. 


qp + |.:-|0 

, 7E 05 

§ 


80S 


1 D 


%' 


, 0E+0O 

5E--05 
1 


U "v' u 


3 1 


5' 


, 2E+S0 
, SE-05 






00! 31 SI !! 01 



- a 



2, ?i+@@ 
3„ IE 05 

4 

2„ OF" + 00 

2„ 3E 85 



2. 4E+00 
2„ 7E-05 

to 

2, , 3 E + 3 1 
2.5E-05 



B, IE 01 

I 1 



1 2 
320 

. 8E ei 

I Z' 

... w 

3 1 9 
f-i IE -01 



■!■ 13 



J. c. 

■ I :■! 

>Z\ >a \~ ..... r 


l-l i 


3 2& 


:.i I 


1 . SE-H 


39 


13 

,-, .-;, .■■;, 

•.:;< ,:;. ,;:. 




1 „3E+0O 


1 s 
3 ';:i 




1 „ 2E + 00 

J. ■„' 

•to 1 


1 . 1E + I 

13 

■-', - ,:l \ -:> 

■...' w f 


;»y 






i. lE+ee 



iL + yy 

2 1 I 



1 . IE +00 
212 



1 „ :l 1+68 

S I b 



2E + 00 
2 1 5 



+ 00 



2 1 2 



1 .2E + 0O 
20 b 



o « 


?'E 02 

991 


b 


3E 02 

991 


,-, 


7E-02 




991 


3 


3E-02 




930 


■".• 


m 02 




990 


1, 


SE--02 




990 


r * 


a n .... ft "3 




990 


4, 


, BE 03 '•<! 




990 



5E-0: 
990 
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WELL AND 13* CONT'D 



PROS :■: 



1 1' IE 



1 » 1 1 



THC 1"HC DM4 

SGLFiR RfiD TEMP 

MI HI SPEED NIH'D DIRECT I Oh 



2„ 3E+0O 
2.4E-05 



1 . 1E + 08 



CH4 
HUMIDITY 



i .. iE+ii 

281 



020 Of. 
IflROHETcF 



4,. 41; ^^ 
q q @ 



8 1 " 31 62 ° 01 



2, 4E+00 
2 . € E "™ 5 
1 



;i . 1E + 08 
1 3 



1 , 2E+00 
3 96 



q i q 



01 :: 4 b 02 i 1 



10 



1 , 4E+00 

I. 4 



.« -•■ J. 



I- :; 01 -"-02 1 , ; 1 



07 » J, 6 03; A-' 



2. 9E + 00 

2 „ g| -3'*» 
~> 

2„ 7E+30 
1 ..9E-05 



1 . 4E+il 
1 4 
3 3 9 

i ,. £i>ii 



.! » 3E + 00 
183 



1 ,. 3E + 00 
178 



5. ?E B'y 

93 r 



4.4E 03 

9 8 9 



02s 31 83s 01 



2„6E+00 

£.2E m 



1 , ;:E+0O 



1 „ 2E"h;;;io 



82: 46 03 " IE 



03S01 -03 i 31 



2.6E+80 
2.2E--05 



2 , 6 E -I- 1 
2.0E--85 



] . 3E+88 
14 
340 

1 „ 2E + O0 



1 , 2E+00 
173 



1 „2E + 00 

1 6 8 



1 „ 4E 02 

q ■:..; q 






b:;::s 16 



:.::! ! 4 6 



03: 31 - 04 s 01 



3 ! 4 6 II 4 !! 1 $ 



2, 4E+80 
1 ,6E-65 



1, 4E + 00 
1 „ 7E-05 



i-, SE + 00 
1 „ 6E 05 



1 , 1 E + tlfi 
3 :'9 

1 , 1E + 08 
13 
340 

1 , 1E + 00 

1 3 



1 „ 2E+88 



I . /E+00 

165 



•I- 1 



., 8E 8,; 



9 e - ; 

q O q 



9E-0;; 



84" 01-- 84: 31 



84;: 16 -04:46 



04s 3D 05: 81 



2„ 7E+08 
1. 3E--05 



. 7E+88 
„ 7E--85 



2« 5E+80 
1. 9E 65 

6 



:i. „2E + 88 
13 

O 

1 .. 2E + 88 
15 

i, iE*ii 



"BW 



I u 2E -I-08 






„ IE 8; 

9 9 : ;:: ! 



« 3E-8; 



'■-I l-'l :-■ 









UELLRNB #ih CGHlMj 
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*RGE 3 



TIME 



~ C\ Fj j i h 



05; 01- "95 s 31 



THC 
SOLRR RfiD 
WIND SPEED 

2„ 3 E + 00 

1 , 9E @5 

b 

2„ IE + 00 
2, l E 05 



THC CH 4 

TEMP 
NlJ D! PEC TIC 

I , IE + 00 



9. 5F--01 



CH4 

ii in tv 



+ 



1 , 2E + 00 



OZONE 
WOMET 



C\ O O 

y o '...' 



3. 4E-0! 



I,,, I.., . 



65: : : :i 



-•85 s 46 



•3 b « @ 1 



05 : 4 b --&'■■ l I fc 



f; I : ) 1 " b ' 3 1 



2„ IE "i" 00 
I, 9 1 05 

1 1 

j*. 1.E + O0 

I „ 3E-04 



2. 1E+0O 
4.31 04 



I:., 0E+S0 
9 , :■■! E - 4 



3.8E 31 



f „ IE -01 
1 1 
2 1 

I, IE -Ol 

1 1 

i'*l. A, 

9 „ | E 3 1 

i :i. 



1 F + !•:'! t:l 



I, 1E+00 
243 



+ O W 



:::' a a 



3, 3E-0;,; 



s. 4E-0. 



3., 313-02 



jfifi. ". ;! i:3— Ob': 4# 



f; 



ibi: 4fe 



~0?" 01 



07s li 



2 i 1 1 + 8 1 
1 . 6E-03 



1 1 1 1| * 
b 

2. OE + OO 



W, 3 b 01 

23 



9„ rE-y: 

1 1 

9 1 



1 „ 1E+00 
245 



• u z 



4 giy 






i , IE +00 

250 






9 3 9 



2,-Eb -O,: 



3 101 ■ B7S31 






07:31 03: Ol 



5 ; ' ; 4b» i'S I 31 



■| 1 0:'» "H 



;■■ „ I E+00 

2.9E-03 
b 

2, 1E+0O 



1.9E+00 

9 

2» OE + 00 
4. 3E-03 
9 

2„ 1E + 00 

7„0E 03 

q 



I „ 3 E - 1 

J. *v 
■Z< Ci 



27 

13, 9E-91. 
1 •:■•' 

27 
9,. 2 1 Ol 

24 

'lb, 10-01 
1. 2 

ii J. 



I „ 1E+O0 

251 



1 . 1E+00 



I . I E+00 

■■■ ir C\ 

.■■■ .„.! O 



:i . 1E+00 



+ m l; 



2„ 4E-0i 



~.\ g Q 



9 3 b 



43 -tv 



q :- .; •. i 



NELL FIND #3:> CQHT'S 
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PAGE 



1 ■ hlF 



THC 
SOLAR RRB 
WIND SPEED 



THC CH4 

TEMP 
■■■I I HI) 1)1 RECTI ON 



L-ri'-l' 

hun run v 



ozone: 

8AR0NETEF 



OP;: IP ""'--OPs 46 



2,, IE + @0 
9.5E-03 
I 



9„4E>0: 



■'::■ ■"> 
,:.. .... 



1 ,. i| +00 



Id!:::!!! 31 09" 01 



2, 0E+O0 

1 „4E 02 

9 



9„ IE- 01. 
13 



1 E + O 









1 » 9E + 00 
10 



■'::' o 



+ H M 



q o q 



HP!! 01 OPS PI 



1 . 9b +00 
2.0E--O2 

i i 



8„ 6E-0 

1 ■::!■ 



c t 



lE+ii 



- 1 1 ;- 



QRM 



09; 16 -OP; 4P 



1 „ 9E+00 
2,, 2E-02 
10 



9.8E-81 

1 5 



1 „ iEt-oo 

P 1 A 



989 






NUMBER OF' READINGS 
POLLUTANT 



MINIMUM MAXIMUM 
VALUE VALUE 



R R I T H M E "I" I C S T Fl N B R R D G E M E T R I C Q E f* i E " : ' R I ( 



IE HI' 



DEVI FIT IP H r ERF 



THC 

THC CH4 

*CH4 

OZONE 

SOLAR RAH 
-TEMP 

HUM IB I TV 

BAROMETER 

HIND SPEED 



I „ 7 8 E -I- 00 4, WlE + 00 



■■I- Pj 4 „ 3 B b ( 



? , 4 1 E ~ I :l. 1 » 2 3 E * O 3. » 8 2 E + O 2 . 5 3 b - i 
1 „ 6 b + 1 i 1 „ 3 8 E + 1 | „ 1 6 1 + O @ , 4 1 IE ■- 1 



96b 03 3„ 9 4 EC- 02 

00b™ Ob 2» 77E-02 

1 1 i 5 

163 273 

938 991 

8 1 3 



2.73E 83 

1 S 

2 1 7 



i 6 I - I: 



1 



12 
i 3 



2 3 E + 8 @ 1 . 


1PE + 8C 


^pie-pi i, 


P4i:Pt"8i; 


J 6E + 8P 1 , 


SSE+SI 


?0E 82 2, 


K3E +PH 


;Pll:P-84 i.. 


47E'i-8: 


HI 


1 

1 


~..| 


'■> 
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I.4ELLRMH tt4 



BUTE; 

SCRN TIMES 
RVERPGING TINE: 
LOIR" ION; S. OF r 



i H V i ? I 9 ? 8 
158 SEC 

| M I H 

F . G G i j D R I C H ( 6 6 4 8 7 4 7 6 '? I >i B . 2 5 K M | s :l. 1 8 Q g 8 •■■ G U R C E 



1NE 



THC 
GGLRR RRD 



THC-CH4 
TEMP 



WIND SPEED NIMIl DIRECTION 



CH4 
HUMIDITY 



Q20H1 
i-RROHETEl 
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